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Nonlinear Adaptive Voltage Positioning in DC-DC Converters 


Field of the Invention 

The invention relates generally to DC electric power conversion, and more 
5 specifically to use of a nonlinear voltage output in response to varying current load in 
DC-DC converters. 


Background 

Power supplies in electronic devices such as computer systems typically output 
10 at least one direct current (DC) electric power signal, used to power the various 

electronic components comprising the electronic device. This electric power signal is 
distributed throughout most circuits, and used to power various circuit elements 
including amplifiers, digital logic, and discrete circuitry. But, it is not uncommon for 
each of these devices to require a different power supply voltage, making the task of 
1 5 producing and distributing power signals of proper voltages to each component 
difficult. 

For example, many amplifier circuits require 15 volts potential or more in 
supplied power, and digital logic often requires only 5 volts. Many newer low-voltage 
digital logic devices operate on power supplied at even lower voltages, including 3.3 
20 volts and 2.5 volts in some devices. Mixing devices requiring various voltage levels 
in a single electronic device not only requires ensuring input and output signals from 
the various components are at proper voltage levels, but also requires ensuring that 
power is supplied at all voltages needed by the various components. 

One solution to the problem is to use a circuit known as a DC-DC converter, 
25 which includes a broad class of electronic circuits that convert DC power supplied at a 
certain potential or voltage to DC power at a different voltage. Use of multiple DC- 
DC converters in an electronic device provides the ability to support a variety of DC 
voltage requirements for various devices without requiring multiple power supplies. 

Because DC-DC converters are usually relied upon to provide a specified DC 


Attorney Docket No. 884.182US1 


Client Ref. No. P7429 


output voltage that remains within the voltage requirements of electronic circuits, they 
are typically designed to provide a voltage that remains within a specified voltage 
range over an anticipated range of load conditions. For example, a rapid increase in 
current drawn often causes a temporary undesired reduction in output voltage of a DC- 
DC converter. This voltage drop must be accurately characterized, so that the DC-DC 
converter can be relied upon to maintain an adequate output voltage for a specified 
maximum increase in current drawn. Similarly, a rapid decrease in current drawn can 
result in a temporary undesired increase in output voltage, which must be similarly 
characterized to ensure that the voltage increase does not exceed the voltage range 
required by the electronic circuitry. 

One solution to the problem of regulating the output voltage in changing 
current conditions is to utilize an adaptive voltage positioning DC-DC converter that 
has an intentionally varying output voltage for different current loads, such that the 
output voltage is at a relatively low potential under a high current load and at a 
relatively high potential under a no current load. A change in current load will then 
cause the output voltage to temporarily change in a direction that is compensated for 
by the variable output voltage, as is explained in greater detail herein. But, the design 
of such DC-DC converters does not anticipate that certain load devices may draw 
typical current loads that do not span a full range of maximum current draw to no 
current draw but rather typically draw current in a narrow range of currents the DC- 
DC converter can provide, making a linear adaptive voltage response less than optimal 
for those applications. 

What is needed is a nonlinear adaptive voltage positioning method and 
apparatus for a DC-DC converter that enable improved voltage transient response 
under changing current conditions for a load with known current draw characteristics 
that do not span the entire range of current the DC-DC converter is capable of 
providing. 
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Summary of the Invention 

The present invention provides a nonlinear adaptive voltage positioning DC- 
DC converter method and apparatus that enable improved voltage transient response 
under changing current conditions for a load with known current draw characteristics. 
The invention in some embodiments provides that the nonlinear adaptive voltage 
positioning be adaptable or configurable to a specific, known current load range that 
comprises less than the full current range that may be provided by the DC-DC 
converter, to optimize voltage transient response for a particular known load. 

Brief Description of the Figures 

Figure 1 shows the voltage response of a typical adaptive voltage positioning 
DC-DC converter as current draw is increased. 

Figure 2 shows the voltage response of a typical adaptive voltage positioning 
DC-DC converter as current draw is decreased. 

Figure 3 illustrates the desired voltage versus current output relationship of 
both a typical adaptive voltage positioning DC-DC converter and an embodiment of 
the nonlinear adaptive voltage positioning DC-DC converter of the present invention. 

Figure 4 shows the voltage response of a nonlinear adaptive voltage 
positioning DC-DC converter as the current draw is increased, consistent with an 
embodiment of the present invention. 

Figure 5 shows the voltage response of a nonlinear adaptive voltage 
positioning DC-DC converter as the current draw is decreased, consistent with an 
embodiment of the present invention. 

Detailed Description 

In the following detailed description of sample embodiments of the invention, 
reference is made to the accompanying drawings which form a part hereof, and in 
which is shown by way of illustration specific sample embodiments in which the 
invention may be practiced. These embodiments are described in sufficient detail to 
enable those skilled in the art to practice the invention, and it is to be understood that 
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other embodiments may be utilized and that logical, mechanical, electrical, and other 
changes may be made without departing from the spirit or scope of the present 
invention. The following detailed description is, therefore, not to be taken in a limiting 
sense, and the scope of the invention is defined only by the appended claims. 

The present invention provides a nonlinear adaptive voltage positioning 
method and apparatus for a DC-DC converter that enable improved voltage transient 
response under changing current conditions for a load with known current draw 
characteristics. The invention in some embodiments provides that the nonlinear 
adaptive voltage positioning be adaptable or configurable to a specific, known current 
load range that comprises less than the full current range that may be provided by the 
DC-DC converter, to optimize transient response for a particular known load. 

Figure 1 illustrates the operation of a typical DC-DC converter that employs 
adaptive voltage positioning. The Y-axis of Figure 1 represents voltage output from 
the DC-DC converter, and the X-axis represents time. Before time Tc, the DC-DC 
converter is providing no current at a corresponding voltage level VI(0), as indicated 
by voltage output line 101. At time Tc, the current drawn increases, causing a 
temporary drop and oscillation in the voltage output 101 as it stabilizes to a new 
voltage level VI(n) corresponding to the new current drawn. The voltage provided 
before time Tc is a relatively high voltage because it is known that a drop and 
oscillation in voltage will occur as shown by voltage output 101 when current drawn 
from the DC-DC converter is increased. This high voltage value at a no current 
condition allows such a drop and oscillation in voltage to occur while maintaining a 
voltage output level in a predefined acceptable voltage window defined in Figure 1 by 
Vmax and Vmin. 

Figure 2 illustrates the opposite case, where a high current drawn from the DC- 
DC converter changes at time Tc to a lower drawn current. Before time Tc, voltage 
output 201 is at a low level VI(max), corresponding to a desired voltage provided at a 
maximum current output level At time Tc the current drawn decreases, and the 
voltage rises and oscillates before settling at new voltage level VI(n) which 
corresponds to the desired voltage for the new current output level Again, the 
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oscillating voltage remains within a predefined acceptable voltage window defined in 
Figure 2 by Vmax at 202 and Vmin at 203 because the low chosen output voltage 
VI(max) provided at the maximum current output compensates for the anticipated 
increase and oscillation of the voltage output 201 upon a decrease in current output. 

Figure 3 illustrates the voltage v. current relationship of the prior art as shown 
in Figures 1 and 2, and also shows the modification made to the voltage v. current 
relationship in the present invention. The X-axis represents various levels of current 
drawn from the DC-DC converter, and the Y-axis represents the voltage provided by 
the DC-DC converter at various current levels. Line 301 characterizes a typical 
adaptive voltage positioning DC-DC converter, which varies the output voltage as a 
linear function of the current drawn. Such a converter provides a high voltage VI(0) at 
no current output 1(0) and a low voltage Vl(max) at a high current load I(max) as 
illustrated in Figures 1 and 2, and a linearly varying voltage in between current levels 

as shown by line 301. 

But, many common load devices do not vary in operation between a no current 
and a maximum current state, reducing the ability of the adaptive voltage positioning 
DC-DC converter to compensate for current changes by manipulating the output 
voltage. The present invention provides a solution to this problem by use of a 
nonlinear voltage-current relationship, as is shown by example curve 302. 

When the current drawn is equal to or less than a minimum load current level 
I(k), the voltage output remains at a high voltage level VI(k). Only once the drawn 
current exceeds the minimum load current level does the voltage output begin to drop, 
finally reaching a low voltage level Vl(max) at a maximum current draw level I(max). 
Because the voltage only varies over the range of expected current variance from I(k) 
to I(max), the full voltage window from Vmax to Vmin can be used to compensate for 
oscillations in current changes over the expected current variance range. In contrast, 
use of a traditional voltage versus current relationship as shown at curve 301 would 
result in a voltage variance only extending between V(old) and VI(max) for the same 
current variation between I(k) and I(max), resulting in a greatly reduced ability to 
compensate for voltage oscillation within the defined acceptable voltage window as 
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the DC-DC converter changes current output levels. 

Figure 4 illustrates one example of operation of a nonlinear adaptive voltage 
positioning DC-DC converter, consistent with an embodiment of the present 
invention. Before time Tc, the converter is operating at a low current output I(k), 

5 which is higher than the zero current output that is the lowest anticipated current 
output of a traditional linear adaptive voltage positioning DC-DC converter. As the 
current changes from current output level I(k) to current output level I(n) at time Tc, 
the voltage represented by line 401 drops from level VI(k) to level VI(n), oscillating as 
the output voltage becomes stable. The voltage again stays within the allowable 

10 voltage window defined by Vmin at 402 and Vmax at 403, due to the elevated voltage 
level VI(k) in anticipation of oscillations in voltage signal 401 as the drawn current is 
increased. 

Similarly, Figure 5 shows an example of operation of the nonlinear adaptive 
voltage positioning of the present invention, where the current drawn is decreased 

1 5 from I(max) to an arbitrary new value I(n). At time Tc, the voltage Vl(max) 

corresponding to a maximum output current I(max) is changed to a new voltage level 
VI(n) corresponding to a new reduced current load I(n). The voltage signal 501 
therefore changes at time Tc from voltage level Vl(max) to VI(n), increasing rapidly in 
response to the decreased current draw and oscillating as the output voltage becomes 

20 stable. Again, the voltage remains within the allowable voltage variation window 
defined in 

Figure 5 by Vmin at 502 and Vmax at 503, due to the reduced voltage level VI(max) 
at maximum current output in anticipation of a rapid rise in voltage output upon a 
decrease in current drawn. 

25 DC-DC converters typically temporarily drop in output voltage when current 

draw is increased and rise in output voltage when current draw is decreased due to the 
inability of the DC-DC converter to respond instantaneously to changes in current 
requirements. Various impedances in the output of the DC-DC converter and the 
energy stored therein resist a rapid change in current supplied by the DC-DC 

30 converter, resulting in very fast voltage swings that are eventually sensed and 
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compensated for by the control circuitry of the DC-DC converter. The present 
invention compensates for these voltage swings as explained relative to Figures 3, 4 
and 5 by anticipating the voltage swings that will occur as a result of change in drawn 
current, and moving the voltage output within the voltage window to reduce the 

5 chance the voltage swings will cause the output voltage to vary outside the allowable 
voltage output window. 

Selection of the various voltage levels is dependent on the specific application, 
and the components used to build the apparatus. For example, VI(k) is selected to be 
somewhat below Vmax in the embodiment of the invention illustrated in Figure 4 

1 0 despite knowing that any current change will result in a very rapid drop in voltage 
because component tolerances and an acceptable level of ripple are allowed in the 
circuitry that produces the output voltage. This means that VI(k) must be selected 
somewhat lower than Vmax to allow for this output voltage ripple and component 
variation. Similarly, VI(max) is selected above Vmin in Figure 5 to compensate for 

1 5 allowable component variations and output voltage ripple, while keeping the output 
voltage within the acceptable voltage output window. 

Also, selection of the minimum load current level I(k) is dependent on the 
anticipated minimum load current of a particular application or load device. For 
example, a processor that draws from 1.7 to 3 amps in operation may have in some 

20 embodiments a selected I(k) minimum load current level of 1 .7 amps. In practice, a 

benefit will be realized by utilizing the nonlinear adaptive voltage positioning function 
of the present invention if any value of I(k) greater than zero amps is chosen, due to 
the resulting increase in voltage variance allowable between the minimum load current 
level and the maximum current load level. 

25 It will be apparent to those skilled in the art that the present invention may be 

implemented in any number of ways, including use of hardware or software-controlled 
devices. For example, a current sensing resistor may be placed in series with the load 
output, the signal from which is converted to a corresponding voltage signal provided 
to an analog circuit that produces a nonlinear voltage response as desired that is then 

30 added to the converter reference voltage to produce a nonlinear voltage-current output 
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relationship such as is illustrated at 302 of Figure 3. Alternatively, digital logic may 
be employed to produce the same effect, employing in various embodiments such 
devices as lookup tables, digital-to-analog converters, analog-to-digital converters, and 
programmable processors. 

Although specific embodiments have been illustrated and described herein, it 
will be appreciated by those of ordinary skill in the art that any arrangement which is 
calculated to achieve the same purpose may be substituted for the specific 
embodiments shown. This application is intended to cover any adaptations or 
variations of the invention. It is intended that this invention be limited only by the 
claims, and the full scope of equivalents thereof 
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Claims 

1 1 . A method of providing a voltage from a DC-DC converter such that the voltage 

2 provided varies dependent on the current drawn from the DC-DC converter, 

3 comprising: 

4 sensing a current drawn from the DC-DC converter; and 

5 adjusting the voltage provided from the DC-DC converter such that the voltage 

6 is at a maximum current voltage level when the current drawn is at a maximum load 

7 current level and the voltage is at a minimum current voltage level when the current 

8 drawn is at a minimum load current level 

1 2. The method of claim 1 , further comprising adjusting the voltage provided from the 

2 DC-DC converter to provide a substantially linear voltage response with respect to 

3 current drawn between the maximum load current level and the minimum load current 

4 level. 

1 3 . The method of claim 1 , further comprising adjusting the voltage provided from the 

2 DC-DC converter such that the voltage is at the minimum current voltage level when 

3 the current drawn is below the minimum load current level. 

1 4. The method of claim 1, wherein the minimum load current level is the minimum 

2 current drawn by a known load device having a minimum current draw of greater than 

3 no current, 

1 5. The method of claim 1, wherein the minimum load current level is a selected 

2 current level between but not including no current and the maximum load current 

3 level. 
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1 6. The method of claim 1, wherein sensing a current drawn from the DC-DC 

2 converter comprises sensing the voltage across a current sensing resistor connected in 

3 series with an output of the DC-DC converter. 

1 7. A method of providing a voltage from a DC-DC converter such that the voltage 

2 provided varies dependent on the current drawn from the DC-DC converter, 

3 comprising: 

4 sensing an output current drawn from the DC-DC converter; 

5 converting the sensed output current to a voltage signal indicating the sensed 

6 output current; 

7 adjusting the voltage signal indicating the sensed output current such that the 

8 voltage is at a minimum level when the current drawn is at a maximum load current 

9 level and the voltage is at a maximum level when the current drawn is at a minimum 

10 load current level; and 

1 1 adding the adjusted voltage signal to the voltage provided by the DC-DC 

12 converter. 

1 8. A method of providing a voltage from a DC-DC converter such that the voltage 

2 provided varies dependent on the current drawn from the DC-DC converter, 

3 comprising: 

4 sensing an output current drawn from the DC-DC converter; 

5 converting the sensed output current to a voltage signal indicating the sensed 

6 output current; 

7 adjusting the voltage signal indicating the sensed output current such that the 

8 voltage is at a maximum level when the current drawn is at a maximum load current 

9 level and the voltage is at a minimum level when the current drawn is at a minimum 

10 load current level; and 

1 1 subtracting the adjusted voltage signal from the voltage provided by the DC- 

12 DC converter. 
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1 9. A DC-DC converter, comprising: 

2 a module operable to sense a current drawn from the DC-DC converter and 

3 further operable to adjust the voltage provided from the DC-DC converter such that 

4 the voltage is at a maximum current voltage level when the current drawn is at a 

5 maximum load current level and the voltage is at a minimum current voltage level 

6 when the current drawn is at a minimum load current level 

1 10. The DC-DC converter of claim 9, wherein adjusting the voltage in response to the 

2 sensed current is performed via hardware. 

1 11. The DC-DC converter of claim 9, wherein adjusting the voltage in response to the 

2 sensed current is performed via software executing on a processor. 

1 12. The DC-DC converter of claim 9, wherein sensing a current drawn from the DC- 

2 DC converter comprises measuring the voltage across a current sensing resistor 

3 connected in series with an output of the DC-DC converter. 

1 13. The DC-DC converter of claim 9, wherein the module is further operable to 

2 provide a substantially linear voltage response with respect to current drawn between 

3 the maximum load current level and the minimum load current level. 

1 14. The DC-DC converter of claim 9, wherein the module is further operable to 

2 provide a voltage at the minimum current voltage level when the current drawn is 

3 below the minimum load current level. 

1 15. The DC-DC converter of claim 9, wherein the minimum load current level is the 

2 minimum current drawn by a known load device having a minimum current draw of 

3 greater than no current. 
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1 16. The DC-DC converter of claim 9, wherein the minimum load current level is a 

2 selected current level between but not including no current and the maximum load 

3 current level. 
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Abstract 

The present invention provides a nonlinear adaptive voltage positioning DC- 
DC converter method and apparatus that enable improved voltage transient response 
under changing current conditions for a load with known current draw characteristics 
The invention in some embodiments provides that the nonlinear adaptive voltage 
positioning be adaptable or configurable to a specific, known current load range that 
comprises less than the full current range that may be provided by the DC-DC 
converter, to optimize voltage transient response for a particular known load. 
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patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim is canceled 
or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim that is 
canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not material to the patentability of any 
existing claim The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known 
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by 
§§ 1 97(b)-(d) and 1 98 However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

( 1 ) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application believe any 
pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office. 

JbJ Under this section, information is material to patentability when it is not cumulative to information already of record or being 
mad| of record in the application, and 

1= (1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; or 

F ^ (2) It refutes, or is inconsistent with, a position the applicant takes in: 

h 3 (i) Opposing an argument of unpatentability relied on by the Office, or 

I ± (ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable under the 
prfenderance of evidence, burden- of-proof standard, giving each term in the claim its broadest reasonable construction consistent with the 
spMfication, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion ot 
patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are: 

( 1 ) Each inventor named in the application: 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the application and who is 
associated with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing information to the attorney, 
agent, or inventor. 


